CLASSICAL CHEMICAL PROCEDURES
The development and use of OAR in aualitative analvsis established a large number of selective chemical reactions and spot tests for elements and their compounds.
functional groups whose usefulness was also shown during the search for new or improved O A R for quantitative analytical practice.
available (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
Their use in this connection gave rise to the concept of analytical A comprehensive literature is The inrerest in OAR for gravimetric analvsis was reduced with the fall in popularity of gravimetric procedures. particularly for reference analyses and for standardization.
in aqueous or mixed solvents where voluminous and not always pure precipitates of OAR complexes or chelates are formed. from the precipitate before drying or removed by ignition. conversion factor is of considerable advantage.
precipitates are less convenient (13) (14) (15) .
are biacetyldioxime, furildione dioxime or cyclohexanedione dioxime for the determination of nickel and palladium (16), 8-hydroxyquinoline (17, 18) , for the determination and separation of various metal ions, N-benzoyl-N-phenylhydroxylamine (19) or a-benzoin oxime (20) (21) (22) for the determination and separation of niobium and tantalum or molybdenum and tungsten. as novel and universal titration agents for metal ions, Determinations with the most popular, EDTA, are still frequently used in routine laboratories or for the standardisation of metal ion solutions. The theory of complexometric titrations is well established ( 2 3 -2 6 ) , the titration end point can be evaluated with sufficient reliability to adopt such procedures even for micro-analysis ( 2 7 ) .
of complexometric titrations stimulated the development of new OAR as metallochromic (metal) indicators. Detailed texts, manuals and numerous critical review articles deal with the reactions of chelons, complexometric titrations ( 2 8 -3 0 ) and metal indicators ( 3 1 , 3 2 ) .
The advantages

MOLECULAR ABSORPTION SPECTROSCOPY IN THE UV-VISIBLE REGION
The most popular and widest range of application of OAR has been in spectrophotometry and solvent-extraction spectrophotometry in the W-visible region for applied inorganic analysis. The most sensitive spectrophotometric methods are based on binary, ternary or even quarternary complexes, chelates or ion-pairs (ion-association complexes) of metals or non-metals, especially with dye OAR. Most procedures are of limited selectivity and need prior separation of the analyte or sophisticated masking of interferents. and visible) is still among the most popularly used methods for the determination of Be, Sc, Ti, Zr, V, Nb, Ta, Mo, W, Re, platinum metals, U, Th and also often for lanthanoids, B, Al, Ga, In, T l ' " , Pv, Asv, Si, Ge, Se", Cr, Sb, Bi and Mn. most suitable OAR for spectrophotometric determination of metals and non-metals have been the subject of detailed discussion and review ( 3 3 -5 0 ) . Sensitive and selective determinations of Zr, Nb, Ta, Vv, lanthanoids, actinoids or platinum metals may be carried out on the basis of inner sphere ternary complexes The spectrophotometric evaluation of analytes during their flow injection analysis is commonly based on absorbing OAR chelates (67 -6 9 ) . Kinetic factors in the flow system may, however, influence the composition and the optical properties of the reaction products. The simultaneous spectrophotometric determination of several elements may also be carried out in flow systems using a FIA analyzer containing a diode array and controlled by a micro-processor (70). In, A l , Be, and Cd, being fixed in the crystal lattice of frozen aliphatic hydrocarbons (n-hexane, n-octane, n-pentane) enable selective determinations of several analytes, the high quantum yields of luminescence cause considerable sensitivity increase over solution measurements (100, 101). Recently, the enhancement of fluorescence in micellar solutions of non-ionic surfactants (eg for metal ion chelates of poly-hydroxyflavones or some 2,2'-dihydroxyazo dyes (102 -105)) has been successfully used for analytical purposes. Room temperature phosDhorescence in micellar solutions of surfactant (MS-RTP) in the absence of oxygen is of interest for selected metal ion OAR complexes (106). In addition, differences in luminescence life times at low temperatures of various metal ion chelates with particular OAR in mixture decrease mutual interferences (97, 107).
The chemiluminescence of certain OAR may also be exploited for analytical purposes.
Luminol (3-aminophthalic acid hydrazide), lucigenine (10,10'-dimethyl-9,9'-biacridinium dinitrate) or lophine (2,4,5-triphenylimidazole) used for the determination of traces of activators or oxidants (108). Rhodamine B (C.I. 45 170) is a valuable substrate for the chemiluminescence of ozone (109, 110) and luminol for the determination of nitrogen dioxide (111).
SOLVENT EXTRACTION
The extraction of cations and anions with OAR into non-aqueous solvents is widely used for group or for more selective separations, the elimination of matrix components or the separation and preconcentration of minor or trace elements and has been reviewed in detail (112-124).
with radiochemical, electrochemical and spectrochemical procedures, in particular with spectrophotometry in the W and visible regions. extraction properties and complexation are controlled by the ring size, the cavity in the structure of the reagent which is influenced by the number and position of oxygen donor atoms, by the position and nature of substituents and the stability of the ion-pairs with anions which may also be chromogenic.
containing incorporated chromophoric groups and also crown ether complex ion-pairs with selected dye anions are suitable for the sensitive extraction spectrophotometric determination of alkali and alkaline earth elements (140).
Ion-pairs of the frequently used dibenzo-18-crown-6 with picrate and containing alkali metal ions are extracted into benzene or chloroform in the order: extract copper, silver, mercury and palladium to variable extents (170 -173) . At present, active development of macrocyclic compounds proceeds for separation and determination of various metal ions. Heterocyclic crown ethers with mixed donor atoms have been used for the extractive determination of mercury (174) .
Schiff bases and tetraazamacro-cycles are available for the extraction and spectrophotometric determination of copper (175) (176) .
Macrocyclic compounds containing sulphur atoms besides oxygen
Macrocyclic
CrvDtands eg [2.2.2] cryptand, also show novel analytical prospects, especially for alkali metal ions, and also for Pb2+ (177 -179) .
into chloroform in the form of ion-pairs with picrate or various dye anions and determined spectrophotometrically (180), Pb2+ in the presence of eosinate was determined fluorimetrically (181) .
Na+ was selectively extracted
HeteroDolvacids of molybdenum with phosphorus, arsenic, silicon or germanium form sparingly soluble ion association complexes with basic triphenylmethane or xanthene dye cations in acid medium which can be extracted into alkyl acetates, ketones or higher aliphatic alcohols.
blanks may be observed.
floated on water-organic solvent interfaces where the solvent has low permittivity and polarity (eg xylene, hexane, cyclohexane, diisopropyl ether, toluene), washed and finally dissolved in ethanol or acetone (182 -192) . Even more complicated heteropolyacids have been used eg phosphorus or vanadium can be determined via Brilliant Green (C.I. 42040) molybdovanadophosphate after dissolution of the precipitate formed at pH 0.2-1.8 in acetone (193) .
The reagents are often co-extracted and hence high
The precipitates of such ternary species may also be Flotation spectrophotometric procedures are also useful for the determination of various platinum metals via sparingly soluble ion-pairs of thiocyanato-complexes with rhodamine and thiazine dyes (194 -198) . The extraction time may differ if the reagent is dissolved in a solvent
Thus, Ni2+ can be selectively removed from other divalent metal ions by a rate-controlled extraction separation since its azo dye chelates are extracted into chloroform much slower than those of other divalent metal ions (200 be regarded as a continuous structureless dielectric medium immiscible with water (119). be crucial (201) .
almost odourless and of low toxicity and has been used for the extraction of a variety of ion pairs (202 -208) . Its solubility in water decreases with ionic strength but increases rapidly with temperature. This latter effect may be exploited by the formation of complexes in homogenous solution at 80°C with subsequent phase and analyte separation after cooling (208) .
has been shown to be a non-inert solvent in the extraction of the tetrathiocyanatocobaltate(I1) anion (202) .
liquid-liquid extraction using molten naphthalene as extractant became popular.
equilibrium between both phases is rapidly established at the elevated temperature and the sensitivity is high due to the ease of separation of the solidified organic phase. Such techniques are useful for the extraction of complexes which are stable at higher temperatures.
analyte-OAR-species (chelate or ion-pair) is filtered off or separated as a pellet and dissolved in a suitable solvent (benzene, toluene, acetonitrile) and the analyte determined spectrophotometrically or by another instrumental finish (201) .
examples are tellurium as its pyrrolidine-1-carbodithioate (209) , Fe" as its ternary complex with 2,2'-bipyridine and tetraphenylborate (210) 6.
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